diffusion which does not support optimal amination rates. The significance of the findings for the amino acid metabolism of H. eutropha is discussed.
Hydrogenomonas eutropha can utilize inorganic nitrogen as the sole nitrogen source for growth. Under such conditions biosynthesis and growth are dependent on reactions which incorporate ammonium nitrogen into organic molecules (amination). In the preceding paper (19) we described the isolation and growth characteristics of two amination-deficient mutants of H. eutropha. Both mutant strains grew normally on most amino acids, but demonstrated linear growth under conditions requiring amination (non-amino acid carbon and energy source and inorganic nitrogen supplied in the form of ammonium ions). Linear growth rates were dependent on extracellular pH, indicating that amination in the mutant strains was pH dependent.
Defective amination in the mutants could be due to any of several causes such as the production of an abnormal aminating enzyme, the defective synthesis of a normal aminating enzyme, or an intracellular concentration of intermediates inThis report was taken from a dissertation submitted by L. F. S. to Catholic University in partial fulfillment of the requirements for the Ph.D. degree. It was presented in part at the 69th Annual Meeting of the American Society for Microbiology, Miami Beach, Fla., 4-9 May 1969.
2 Present address: Miles Laboratories, Inc., Elkhart, Ind. 46514. volved in amination that is below the level necessary for optimal enzymatic activity. An explanation involving any of these possibilities would have to include the effect of extracellular pH on amination in the mutant strains.
This paper describes studies which examine each of these possibilities and provides evidence that deficient amination in the H. eutropha mutants is due to a defect involving the permeation of ammonium nitrogen.
MATERIALS AND METHODS See the preceding paper (19) for cultures, media, and growth conditions.
Preparation of cell-free extracts. Cultures were grown autotrophically or heterotrophically in shaken 1-liter flasks containing 500 ml of media. 1.5% Tryptic Soy Broth (Difco) or mineral-salts media containing 0.4% substrate were used for heterotrophic growth. Cells were harvested at log phase by centrifugation at 4 C and were suspended in potassium phosphate buffer (0.04 M, pH 7.2). The cell suspensions were disrupted by sonic treatment for 2 to 4 min in an ice bath by using a Biosonic 11 sonic oscillator (Bronwill Scientific Co., Rochester, N.Y.) at maximum power. The sonically treated suspensions were centrifuged at 20,000 x g for 20 min at 4 C, and the supernatant fractions were dialyzed 18 acids as a source of nitrogen for normal growth, and found that they lacked the aminating enzyme glutamate dehydrogenase (NADP-linked; reference 4). We therefore investigated the possibility that deficient amination in the H. eutropha mutants was due to decreased activity of the enzyme responsible for catalyzing the incorporation of ammonia into amino acids. In bacteria there are only three well-known enzymes capable of performing this function: L-glutamate dehydrogenase, L-alanine dehydrogenase, and L-aspartate ammonia-lyase (11) . These enzymes catalyze the incorporation of ammonium nitrogen into 2-oxoglutarate, pyruvate, and fumarate, forming glutamate, alanine, and aspartate, respectively. Since it was not known which of these catalysts functioned in H. eutropha, extracts of wild-type cells (HeW) grown on amino acid and non-amino acid substrates were assayed for each of the three enzymes. The results are shown in Table 1 . Glutamate dehydrogenase was the only aminating enzyme found in wild-type cells, being present in all extracts tested. Extracts of mutant strains He4 and He8 grown on Tryptic Soy Broth were then tested for glutamate dehydrogenase and were found to possess enzyme levels comparable to Fig. 3 . When NH,+ ions were added along with alanine, growth curves of mutant strain He8 were very similar to those seen in Fig. 2 with pyruvate. As with pyruvate, growth of wild-type cells was exponential, but growth rates of mutant cells were linear and pH dependent. Although allowing pH-dependent growth, the presence of NH4+ ions did not affect the oxidation of alanine. Rates of oxidation in the presence of NH,+ were similar for mutant and wild cells and compared almost exactly with oxidation rates in the absence of NH4+ ions.
Transaminase studies. Since the end product of reductive amination in H. eutropha is apparently glutamate, this amino acid probably acts as primary amino donor in the biosynthesis of other amino acids. Consequently, the ability of an amino acid to act as a source of amino nitrogen for growth, in effect bypassing the need for reductive amination, would be related to the ability of the cell to utilize that amino acid for glutamate synthesis, either by degradation or transamination. The mutant growth studies predict that in H. eutropha most amino acids can function in this manner, whereas four, including alanine, probably cannot. Of the amino acids used in the growth studies, the only ones normally degradable to glutamate by bacteria are proline and histidine. As 
